When studying the structure of polycrystalline materials, the misorientation distribution function (MDF) is of great practical interest. In this paper we obtain preliminary calculated data on the MDF taking into account the position of the main maxima of the experimental orientation distribution functions (ODF) for recrystallized iron, rolled materials with a copper, silver, α-Fe, and brass texture, and also α-Zr based on direct pole figures of the rolled sample. It is shown that the proportion of brass rotations close to special is the largest, and amounts to 50%. The region of minimum rotations in the Euler space for cubic and hexagonal crystals is calculated.
Introduction
Most of the currently used industrial materials are polycrystalline, the properties of which are determined not only by grains, but also by grain boundaries [1] . The grain boundaries with orientational relationships that lead to the formation of coincident site lattices (CSL) have extreme properties associated with the grain boundary energy, grain boundary separations, migration of grain boundaries, slipping along grain boundaries, and so on. [2 -4] . New materials with an increased content of such boundaries have improved properties, such as an increase in weldability by a factor of 50, a decrease in creep by a factor of 16, an increase in the service life by a factor of four [6] and an increase in the critical current by a factor of seven for high-temperature superconductors [7, 8] . In this connection, it is of interest to study methods for describing materials using the function of mutual rotations.
Materials and methods
The crystallographic texture, described by straight pole figures, inverse pole figures and the distribution function of orientations (DFO), characterizes the polycrystalline ensemble with respect to the chosen external coordinate system of the sample. To
How to cite this article: Skrytnyy V. I., Gavrilov M. V., Khramtsova T. P., Kolyanova A. S., Krasnov A. S., Porechniy S. V., and Yaltsev V. N., Hamilton proposed a generalization of complex numbers x + iy in the form of quaternions (from Latin quaterni -four), consisting of a real element and three imaginary units with real elements of the following form [9] :
When describing a rotation using an angle around axis with direction cosines l 1 , l 2 , l 3 of axis of rotation l and using Euler angles , , quaternion components R have the form 0 = cos 2 = cos 2 cos + 2 Consequently, the misorientations of the crystals can be specified:
• by matrix g( , , ) with Euler angles , , ;
• by matrix g( 1 , 2 , 3 ) with angles of rotation 1 , 2 , 3 the axes of the selected Cartesian coordinate system;
• by matrix g(α, l) with an angle of rotation α about the axis l;
• by quaternion.
Euler angles are often used in the theoretical analysis of the motion of a rigid body, the angles 1 , 2 , 3 -when the crystal is mounted on a goniometric head.
When studying the rotation of crystals, we are interested in the crystallographic indices of the axis of rotation and the value of the rotation angle, so in the future the parameters α and l or 1 , 2 , 3 .
If any physical property is characterized by a function ( ), then the theory of groups makes it possible to determine the influence of the symmetry of the coordinate (in the general case of a configuration space) on the properties of the function ( ). In this case, because of the transformations R physically equivalent functions appear ( ), where -operator corresponding to R .
When examining a grain rotation as a function ( ) acts as a rotation matrix A 0 , so that matrices of equivalent rotations A are determined as = 0 −1 , where
elements inverse to elements R of groups of pure rotations [10] . Each element of the group has one and only one inverse element, so if R takes all the values of the elements of the group of pure rotations, then R −1 also takes all the values of the elements of the same group, but in a different order. With considering A = A 0 R , where R -one of the elements of the corresponding group of pure rotations.
When calculating equivalent rotations in polycrystals, quaternions are preferred.
Quaternions of elements of the group of pure rotations O and D 6 for cubic and hexagonal crystals are presented in Tables 1 and 2 . 
For a polycrystal, the set of all possible misorietation angles is a ball of radius π. The rotation in this case is determined by a vector of length α along the axis l, given by angles θ and φ. To determine the distribution density of the rotation angles P (α), it is necessary to perform invariant integration [9, 11] with respect to the parameters θ and φ, which determines the position of the rotation axes, within the volume of the region of minimum rotations:
This integration corresponds to calculating the cross-sectional area of the region V of minimal rotations by a sphere of radius α. 
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Element of group ν 0 ν 1 ν 2 ν 3 Element of group ν 0 ν 1 ν 2 ν 3 E 1 0 0 0 C [1 21 0]
Results
Preliminary calculated data on the MDF taking into account the position of the main maxima of experimental orientation distribution functions (Fig. 7) for rolled materials with a copper-type texture (Fig. 8) , silver ( Fig. 9 ), α-Fe (Fig. 10) and brass (Fig. 11 ).
On the charts rotation axis -the minimum rotation angle, the positions of the special rotations with Σ ≤ 25 are also shown.
MIE-2017 In texture analysis, the orientation distribution function is usually considered in Eulerian space with angles φ, θ, ψ varying in the interval 0 -π/2. When using the MDF in Euler space, it is desirable to determine the region corresponding to the minimum misorientation angles.
For cubic crystals, a region with Euler angles φ, θ, ψ varying in the interval 0 -π/2 is basically determined by an equivalent rotation due to the symmetry element C 4− , and for hexagonal crystals by symmetry elements C
[0001] 6
and C
[0001] 3 (Fig. 14) .
The regions of the Eulerian space corresponding to the minimum misorientation angles for cubic and hexagonal crystals are shown in Fig. 15, 16 . 
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Discussion
The nature of the distribution of misorietations in the Eulerian space for these materials is quite similar: the rotations are located mainly in a certain part of the volume -the most uniform distribution is observed in α-Fe, the remaining materials exhibit areas of In the region of Euler angles φ and ψ from -π/2 to + π/2, a similar picture is observed.
Both for cubic and hexagonal crystals in the region of negative φ and ψ there is a copy 
Conclusion
In this paper we obtain preliminary calculated data on the MDF taking into account the position of the main maxima of the experimental orientational distribution functions for recrystallized iron, rolled materials with a copper, silver, α-Fe, and brass texture, and also α-Zr based on direct pole figures of the rolled α-Zr sample. The region of
